Social cognitive theory (SCT) is a well-known theory for designing nutrition education and physical activity programs for adolescents. This systematic review aimed to evaluate the efficacy of intervention studies based on SCT in reducing or preventing overweight and obesity in adolescents. An electronic literature search in PubMedMedline, Web of Science and Scopus was performed to identify intervention studies based on SCT aiming at preventing or reducing obesity in adolescents. All the articles published up to July 2016 were included. Only studies reporting body mass index (BMI) or its variant as one of the outcome measures were included. From 240 initially identified studies, 12 met the eligibility criteria. Seven had moderate or strong study quality. Two of the eight randomized controlled trials (RCT) and two of the four quasi-experimental studies showed significant reduction in BMI among intervened participants compared to control. Impacts on diet and physical activity were mixed, but were mostly not significant. The current systematic review found only weak evidence for the efficacy of SCT-based interventions in treating and preventing obesity in adolescents. Further studies systematically using effective behavior change strategies or techniques, larger population sizes, better measurement tools and more robust designs are warranted for a conclusive judgment.
Introduction
Childhood obesity has become one the most serious public health problems in both developing and industrial countries [1, 2] . It has been reported that the prevalence of childhood and adolescent overweight and obesity has doubled during the last 30 years [3] . Adolescents comprise one-fifth of the whole world's population [4] . It is estimated that the probability of a 4-year-old child to become an obese adult is 20% while the probability of an adolescent being an obese adult is 80% [5] . Several long-term physical and psychological adverse consequences have been attributed to the childhood overweight and obesity by earlier studies such as increased risk of developing chronic diseases, arthritis, sleep apnea and bronchial asthma, as well as depression, discrimination, low self-esteem, peer rejection and stigmatization [2, 6] . Moreover, obesity imposes considerable cost to the health care system, with direct and indirect medical expenses exceeding 300 billion dollars per year in the United States and Canada [7] . Generally, treatment of obesity in adults is difficult [8] , and weight regain is common [6, 9] . Although this situation is similar in children and adolescents [6] , it has been shown that using behavioral familybased interventions may result in more sustainable weight loss [6] . In addition, behavioral theory has been suggested as a tool for improving the efficiency of childhood obesity prevention and weight loss programs [2, 10] .
One of the most widely used theories to design nutrition education and physical activity programs, particularly for obesity prevention among children and adolescents, is social cognitive theory (SCT). SCT states that human behavior is the result of dynamic interactions between personal, behavioral and environmental factors. Individuals' thoughts and feelings are the major components of personal factors. Behavioral factors involve health-related knowledge and skills referred to as behavioral capability, and skills in regulating and taking action. External factors that can affect health behaviors of individuals such as the physical and social environments are called environmental factors. Indeed, SCT provides a comprehensive framework for understanding the determinants of behaviors and it describes potential mediators and procedures for behavioral change [11] [12] [13] [14] . The most important construct of the theory is self-efficacy, which is considered a major motivator of action and mediator and fundamental requirement for behavior change. 'Self-efficacy' is individuals' confidence in their capability to take a specific action or to overcome barriers to engaging in a specific behavior. [11, [14] [15] [16] . Also of importance in motivating individuals is the construct of 'outcome expectations' or the perceived benefits of engaging in the behavior. These consist of three forms: physical, social and self-evaluative outcomes [11, 14, 17] . The values that people place on these outcomes are called 'outcome expectations'. Favorable outcome expectations and self-efficacy then lead to 'goal intentions'. Motivation and intention alone are not sufficient to initiate a health behavior, however. Individuals need to set 'action goals' and develop 'self-regulation skills' to take control of their behaviors and their environments in order to achieve their action goals. Indeed, the perception of satisfaction and fulfillment acquired by achieving goals is important for initiating and maintaining a heath behavior [11, 17, 18] . Social support from family and peers also plays an important role in taking health actions [11, 12, 19] . Individuals also need the healthrelated knowledge and skills, or behavioral capability, required to enact the specific action or behavior [14, 20] .
Although several previous reviews have evaluated the impact of physical activity and nutrition education interventions on body mass index (BMI) and obesity-related behaviors in adolescents [21] [22] [23] [24] [25] , there has been no systematic review to address specifically the impact of the use of health behavior theories on BMI among adolescents. Thus, the main objective of the current study was to examine the efficacy of intervention programs based on SCT on BMI of adolescents.
Methods

Search strategy
A search was performed in three electronics databases, Medline, Web of Science and Scopus, applying the Population, Intervention, Comparison, Outcome and Study design (PICOS) model. The following search terms were used: adolescents and obesity and SCT. All the articles which were published up to July 2016 were included (no limitation was considered for language or date). In the Web of Science, we searched based on topics of the articles and in the Scopus according to title, abstract and keywords.
Inclusion criteria
To include studies in the systematic review had to meet the following criteria: (i) study participants were adolescents (between 12 and 18 years of age); (ii) the study had to focus on preventing or treating overweight and obesity using behavioral strategies to Social cognitive theory and adolescent obesity improve dietary habits and/or physical activity of study participants (pharmacological and other nonbehaviorally focused interventions treating obesity were not included in this study); (iii) intervention studies were included only if they were randomized controlled trials or quasi experimental studies; (iv) the study had to address BMI and include BMI or BMI z-score or BMI percentile and (v) intervention of the studies had to be based on the SCT. Two authors (M.B.) and (F.M.) independently reviewed identified studies based on title, abstract and if needed full text of the articles. If there was disagreement or doubt, two independent senior authors (A.T.) and (A.K.) judged and resolved the differences.
Data extraction
The data which were available in the selected studies were extracted by two independent reviewers (M.B.) and (M.S.) including the following items: (i) author, year and country; (ii) sample size included total sample, intervention and control samples, mean of age and gender of participants; (iii) type of study; (iv) duration of the study; (v) intervention components; (vi) BMI outcomes; (vii) other outcomes of the study and (viii) statistical methods.
Quality of evidence
Study quality was critically appraised using a standardized tool as shown in Table 1 [26] . Six quality components were scored: (i) selection bias, (ii) study design, (iii) confounders, (iv) blinding, (v) reliability and validity of data collection tools and (vi) withdrawals and drop-outs. Through assessing the six component ratings, the overall rating for a study was established as: strong, moderate and weak. If a study got no weak ratings and at least four strong ratings, it was considered as a strong study. Getting fewer than four strong ratings and one weak rating categorized the study as a moderate one. Finally, studies with two or more weak ratings were considered weak [26] .
Results
Search results
The literature search yielded 240 published references (Fig. 1) . After review of the title, abstract and full-text (in some studies), a total of 12 studies met the full inclusion criteria and were included. M. Bagherniya et al. Table 2 summarized the main results of the included studies. Except one study, which was conducted in Brazil, others were performed in the industrialized countries including the United States (six studies), Australia (four studies) and Canada (one study). The mean ages of the study participants were between 13 and 16 years. In all studies, 2503 adolescents participated. Four studies were performed only on girls [27] [28] [29] [30] , two studies on boys [31, 32] and study participants of six studies were both girls and boys. Three studies were directed at weight loss and control [23, 28, 29] , while nine were directed at overweight prevention. Three studies did not have a control group and used a pre-test post-test study design [33] [34] [35] . The duration of the intervention in the studies was between 12 weeks and 1 year. Four studies implemented interventions for less than 6 months [28, [34] [35] [36] and others 6 months to 1 year. Two RCT studies followed up the participants, one of them for 1 year [27] and another one for 2 years [37] after the completion of intervention. Parents or caregivers were included in nine studies [27] [28] [29] [30] [31] [32] [33] [34] 37] . In two studies [31, 34] , some of the results were shown in earlier papers [38, 39] , which we have included. All of the studies used educational methods to apply SCT to improve food and nutritional behaviors and/or physical activity practices.
Study characteristics
The main target of all the studies was to promote physical activity and healthy eating behaviors in order to reduce BMI or its variant among the participants.
The efficacy of interventions on BMI
Overall, among the RCT studies (n ¼ 8) that reported BMI, BMI z-score or percentile, only two studies showed a significant reduction in BMI in the intervention group in comparison to the control group [31, 40] , and six studies did not show significant differences between groups at the end of the study [28-30, 32, 36, 37] . In two randomized controlled trial studies, which showed follow-up data, no significant differences were found between groups at 1 year [27] and 2 years [37] after the intervention. Among pre-post-test studies, in one study BMI significantly increased after intervention compared baseline in the intervention group, although BMI z-score decreased [33] , and in another study no significant improvement was seen on BMI, but significant decreases in BMI percentile, BMI z-score Social cognitive theory and adolescent obesity were observed after the intervention [34] . In one study which did not have a control group and had two intervention groups (Group 1 and Group 2) the following results were found: significant improvement in BMI z-score and BMI percentile among overweight and obese subjects immediately after intervention and at 15 month follow-up in both groups but just in Group 1 at 30 month follow-up [35] .
The efficacy of interventions on other outcomes related to the obesity and behaviors
In two studies, waist circumferences were reduced significantly [30, 34] though in another three studies, no significant changes were seen [31] [32] [33] . Body fat was measured in five studies [29, [31] [32] [33] 37] , but only in one was a significant reduction in body fat identified [31] . In one study, fat-free mass significantly increased [33] in the intervention group and in another study no significant change was seen [37] .
In the studies examining changes in the level of physical activity among participants, one study used a physical activity questionnaire [33] , one used a 3-day physical activity recall [34] , one used a pedometer [29] and three studies used accelerometers [29, 32, 37] . None of the studies found any significant improvement. Three studies among four studies that examined screen time reported significant decreases in the intervention group [29, 32, 34] . In another study measuring computer and sedentary behaviors in week days and weekends separately, a significant reduction was seen in computer use and sedentary behaviors in the intervention group compared to the control group on weekends [30] . Dietary habits were reported very differently in these studies. In some studies, there was no information about dietary habits [31, 35] . In one study, just sugar-sweetened beverage consumption was evaluated, and it decreased significantly in the intervention group [32] . Overall, in three studies interventions did not have significant positive effects on the dietary habits of the participants [29, 33, 37] . In a study, which reported just energy intake, it reduced significantly in one of the intervention groups in comparison to the control group [28] though in another study no significant effects were found for fruits and vegetable intake among overweight and obese students [36] . In another study although fruits and vegetable intake did not change, consumption of fat decreased significantly among subjects [34] . Moreover, in one study although intake of vegetable and fruits was significantly increased in the intervention group compared to the control group the changes for other food groups including the rice, meat, milk, beans, oils and sweets groups and total energy intake between the two groups were not significant [30] . Only two studies reported biochemical tests of which one did not find any significant changes in these parameters after 1-year of intervention [33] , and in other study the results were inconsistent [34] . Although fasting glucose did not change, significant decreases were observed in 2-h glucose (10.8%), 2-h insulin (23.6%), as well as insulin (25.5%) [34] . While in one study significant intervention effects were found for muscular fitness and resistance training skills [32] , in the two other studies no significant changes were found for muscular fitness of study participants [29, 31] . In another study, significant increase in weight-specific quality of life (QOL) among intervention youth was seen, and cardiorespiratory fitness also increased significantly [34] .
SCT constructs applied in the studies
Self-regulation and goal-setting were the major components of SCT used in most of the studies, along with behavioral capability in several (Table  2) . Self-efficacy, outcome expectation and expectancy and behavioral intention and strategies were used as SCT constructs in about seven studies and social support in four to change behaviors in adolescents. However, only in a few studies the effects of intervention on SCT constructs were specifically measured and reported. In a study conducted in neighborhood corner stores, food purchasing patterns, preparation patterns and psychosocial factors related to SCT (behavioral intentions, self-efficacy, outcome expectancies and knowledge) were measured [40] . In this study, after 8 months of activities such as taste tests, giveaways or shelf labels, knowledge increased in both groups, and food-related behavioral intentions and purchasing healthful beverage decreased in both groups, significantly so in the intervention group. In addition, a significant increase in food-related outcome expectancies was seen in the intervention group and so was purchasing of fast foods. However, self-efficacy, healthful food purchasing, unhealthful beverage and healthful food preparation did not change significantly in the both groups (intervention and control groups) [40] . In another study, after 6 months of intervention, resistance training self-efficacy was significantly improved in the intervention group. However, intervention had no notable effect on physical activity self-efficacy, peer support for physical activity and physical activity behavioral strategies. In this study, changes in BMI were associated with changes in resistance training self-efficacy and physical activity behavioral strategies [31] .
Discussion
To the best of our knowledge, this is the first systematic review that assesses the efficacy of intervention programs using SCT on obesity prevention and treatment in adolescents.
Impact on BMI
The results of the current review showed weak evidence for the effectiveness of intervention studies based on SCT in preventing and reducing obesity in adolescents as it found significant reduction in BMI in only 4 of 12 studies. These results, however, are in line with the results found in other reviews, which have found either small or no significant effects. For example, one systematic review and meta-analysis of interventions based on nutrition education alone, found that the reduction of BMI that was statistically significant (À0.33 kg/m 2 on average) [21] . A later meta-analysis that evaluated the effectiveness of combined school-based physical activity and nutritional education interventions on children's and adolescents' BMI did not find a statistically significant reduction in BMI of children and adolescents [22] . In a secondary analysis which combined the studies in this review with the reviews of studies of nutrition education alone and physical activity alone, the impact was not significant [22] . On the other hand, a recent syntheses and meta-analysis intervention studies conducted in high-income countries found significant effects for school-based nutrition education alone or combined with physical activity. In addition, the results of previous systematic review and meta-analysis studies have favored the usefulness of the nutrition and exercise interventions on weight loss of children and adolescents [23, 24] .
In all of the referred review studies (except for one study [24] which was performed among 6-12 year-old children), both children and adolescents were considered as the studied population. They also analyzed all intervention studies irrespective of whether they reported using health behavior theories, while in our study, the population was only adolescents and the interventions were based on the SCT. As previously mentioned, working on adolescents is a challenging task and there are a number of complexities in adolescent research; hence, there have been very few obesity prevention studies to prevent and reduce obesity in adolescents [41] . The results of the current study indicate that although 20% of world population are adolescents (of which 85% live in the developing countries [4] ), there was only one intervention study based on the influential and broadly applied theory, SCT, to prevent and combat of childhood obesity in the developing countries [30] . As previously suggested by Haynos and O'Donohue [3] , more intervention studies should be conducted from a wide range of countries to treat childhood obesity. In addition, it is suggested to report both BMI and BMI z-score to show the efficiency of the programs related to the age and considering height growth of adolescents.
Impact on other weight related outcomes
In half of the studies changes in the body fat, WC and BMI were also measured. In one study, there was a significant impact on percent body fat and not on BMI or BMI z-scores. In the other five studies, Social cognitive theory and adolescent obesity however, the results for other anthropometric variables such as waist circumferences and body fat were in parallel to those of BMI, which may indicate that changes in the BMI adequately reflect the adiposity change in adolescents. This finding does not lend credence to some studies that have proposed that the BMI lacks sensitivity to distinguish between fat and fat-free mass during adolescence [42, 43] . Two studies used biochemical tests related to diabetes to evaluate program effectiveness in the included studies, thereby suggesting that to evaluate the effectiveness of the program in the future these tests may be helpful.
Impact on physical activity and dietary behaviors
Although physical activity did not change after the intervention in most of the studies, screen time was reduced in most of the studies that measured it. Results of a review evaluating the effectiveness of school-based interventions on physical activity and fitness in children and adolescents showed that about 47-65% of trials were effective in increasing physical activity or fitness in youth [44] . Using multicomponent intervention and involving family or community in the program are suggested to increase physical activity levels among adolescents [45] . It should be mentioned that physical activity declines quickly during adolescence and this reduction tends to persist in adulthood [46] ; this calls for particular attention of health care authorities. In a previous systematic review, it has been shown that interventional studies aiming at reducing sedentary behaviors among children and adolescents are successful in achieving this goal and improving weight indices [47] , which is not in line with the results of the current study.
Data about impact on diet-related behaviors in the included studies were inconsistent and heterogeneous, thus, making it difficult to obtain a definite conclusion. In most of the studies that measured energy intakes in study participants [27, 29, 30, 37] , there was no statistically significant difference in energy intake/day between intervention and control groups. In a previous systematic review due to heterogeneous and insufficient evidence, it was not possible to assess the effectiveness of dietary interventions or diet versus physical activity interventions to combat childhood obesity [48] .
Use of SCT constructs to change behavior and reduce BMI Use of behavioral theories helps in discerning measurable program outcomes, specifies methods for behavior change, helps in choosing right mix of strategies, enhances communication between professionals, improves replication and improves program efficiency and effectiveness and are highly suggested for obesity prevention and treatment rather than atheoretical interventions [2] . In addition, it is particularly important that the constructs from theory are addressed through appropriate 'motivation and behavior change strategies' [49] , or 'behavior change techniques' [50] . Reviews have attempted to identify which constructs and which strategies or techniques are associated with effective versus non-effective interventions [25] . It has been noted that the major weakness of previous studies using behavioral theories to prevent obesity among children and adolescents is that they did not measure changes in behavioral constructs of the theory most of studies [2] . Likewise, although all of the studies included in the present systematic review applied SCT to implement nutrition education and physical activity intervention program among adolescents, it is not clear whether they applied all the SCT constructs and in particular few studies measured and reported on changes in the theory constructs. Thus, it was not possible in this review to identify the behavior change strategies or techniques that were used and whether use differed between effective and non-effective interventions. However, it was possible to examine the use of SCT constructs.
Self-regulation and goal-setting were used in most of the studies included in the current review and outcome expectations were addressed. It is generally accepted that in the context of a behavior change process, setting goals represents a commitment to take action. Indeed, with positive outcome expectations (perceived benefits) and high M. Bagherniya et al.
self-confidence (self-efficacy) individuals are motivated to set goals and take health action [17] . Taking action increases a sense of self-efficacy and mastery and the sense of fulfillment from having reached the goals helps to maintain the behavior [17, 20] . In the current review, however, these constructs were used in both interventions they were effective and those that were not, thus preventing any specific conclusions.
Duration of the studies
It has been previously suggested that although short intervention may be successful in changing health behaviors among youth [2] , it is better to implement interventions for at least 6 months [10, 51] . However, results of the current review were inconsistent. The use of different durations with dissimilar educational content in the studies makes it difficult to judge the best length for an intervention.
Although this systematic review is the first study assessing the efficacy of intervention studies based on SCT to prevent and reduce obesity among adolescents, some limitations should be acknowledged. The numbers of studies included in this study were small and the sample sizes of the studies were also small. In addition, not all SCT constructs were used, in particular environmental factors, nor were they similarly operationalized in the studies. Importantly, the theory-derived behavior change strategies or techniques used were not specified. There were measurement issues for dietary behaviors as well. Besides, the fact that all studies (except one) were conducted in the developed countries makes it difficult to generalize the results globally. It may well be that combining SCT with other theories would be helpful. One highly effective intervention with middle school youth combined SCT behavioral choice [52] and another with self-determination theory [53] . An integrated model has been proposed by the US Institute of Medicine (IOM) [54] and another by Sharma [10, 55] . Such combined models are becoming more widely used and may prove more effective to prevent and control obesity among children and adolescents.
Conclusion
The current systematic review found weak evidence for the efficacy of interventions based on SCT that were designed to prevent and treat obesity among adolescents. Four of the 12 studies resulted in a significant decrease in BMI and one in a decrease in percent body fat in the intervention groups compared to controls, which is similar to many other reviews. Similar to other studies, the reductions were small though statistically significant. Additional evidence from randomized controlled trials with larger population size, careful attention to the use of appropriate and effective behavior change strategies or techniques along with appropriate activities are warranted for a more definite judgment on the efficacy of SCTbased interventions.
